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ABSTRACT 

PURPOSE: To provide a high-specification and high-performance zoom lens 
which is small in size and light in weight in spite of a large aperture and 
a large zoom ratio. 

CONSTITUTION: In this zoom lens provided with a 1st lens group Gl having 
positive refractive power, a 2nd lens group G2 having negative refractive 
power, a 3rd lens group G3 having the positive or the negative refractive 
power, and a 4th lens group G4 having t'he positive refractive power; the 
2nd lens group G2 is moved along an optical axis and the 1st lens group Gl 
is fixed along the optical axis in the case of variable power from a wide 
angle end to a telephoto end. At least one lens surface in the 1st lens 
group Gl or the 2nd lens group G2 is formed to be aspherical and the 1st 
lens group Gl has at least one positive lens component. The refractive 
index Nd+ and the Abbe number .nu.d+ of at least one positive lens 
component out of the positive lens components constituting the 1st lens 
group Gl satisfy the conditions of Nd+<1.437, and 95<.nu.d+. 
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(54) [§gipi©£*M X-AW->X 



(57) mm] 

l^>X#Glt. ft©®$r#£*rr£SfS2W>X#G2 

IE©JB!Jr;&£#TSIf!4W>Xi¥G 4 j£#Sg 
^e.MjS*^©^f&fc|RLT, 8t(ffiS2W>X»G2« 
ftfttlCiBoTfM&U gtliE^ 1 1^>X»G 1 ttftttfciG 
oTH3£SnfcX-AU->XK:*5lr>T. HUES 1 l>- >X 
»G l*$;fcUlttrfE$fS2 l^>X»G2<*>©4>fc< 1 

o©u>xffitt#i*ffi^»c^$n. miesgi w>x 
s*g i«y>fc< tt> lftoiEw^Xfie^^wu, aaaem 

l U>X»G 1 £#tl£TSIEl'>Xfifc#©5-5'>ft< t 
1 tt(DIEU>Xfie^©JBJf*Nd+fc«tt/7-y^l!!cvd+ 

Nd+< 1 . 4 3 7 
9 5<vd+ 
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1 

1 l^>XtfG 1 ft©JB*r*«r*T*»2 U->X»G 
2<h* iE*fcttft©JB»r*««-r**3W>X»G3 

IECDja^£^T£m4l/>X»G4££{i;^ |£ 
ftfll^&ffilMl^OCttlzBbT. lftE!f5 2 1^>X»G 

2 tt3M*te»oT»»U fflEfg 1 1/>XPG 1 |*%M 

mmm i v >xpg i 2 u >xpg 2 * 
©4>fc< 1 ^<»v>xmmmmmk\zmf&i*n. 

fftEffl 1 U >XS*G 1 < h. 1 u >x«» 
WE»1 U>X»Gl«r«l*-r*jEU>X«» 

Nd-K 1 . 4 3 7 
9 5<vd+ 

£ t £«r& t-r *x-a u>x. 
0fti/>xM^ti, «aiamii/>x»Gi^*^-r 
jB«*Nd-*5«fctf 7 ^y^a v d-tt, 

1. 7 0 0<Nd- 
vd-<3 5 

-Al/>Xo 

m«9i3] Miami i^>x»g 1 <ht>-^ 

Sai2#3*Sl/>XcoW«4S^hi:b> W82^rS4gc0 5H 

co##®fi£dx7 tU IIIE*%S0 1 OMOftSlc* 
»*«Ha#»ffiU>XO#«ffi*«dxl0i:Ufca:*, 
l 0-< xh/2< I dx5 |<|dx7 KldxlOKlO 
- , Xh/2 

<z>&#£S8£?-* £ £ &#«£-r*»3ftjit 1 *&« 2 k 

E«coX-Al^>Xo 
M*« 4 ] MESS 2 W >X»G 2 < t 

<Dis>xmifi#&mMmzj&f&ztift#mmi'>x&m 

3 v> ttft <DB»rrt ***** KP < * 3 <fc a n, 
«B#»HU>X©*»ff*hfcU ttE#*ME0>5« 
<D»*lC^»*mE*«fflU>XO[)#3»ffi«Sdx5 <h 
U 89EWSaS<Z>7aoK$tc43tt-5iaE#*MW>X 
<E>##ffi*£dx7 tU WE*S»ff«)l 0W<Z)*$»C* 
tt*il9E##® V >XCD##®«i£:dxlO £ Lfc £ 

1 0-« xh/2< I dx5 I<ldx7 KldxlOKlO 



2) W8- 1 84 7 5 8 

2 

" l xh/2 

<o*fl=s«jE-r*^t&»«t-r*w**i*fctt2ic 

EfW>X-AU>X. 
[*r«fl5] «tE»3lx>X»G3tt, ««^tf5ifc 

H <t &»|Ri:-r*W*JH 1 7MS4 ©W«"n#> 1 ^ 
tcE«60X— Al/>X. 

[DIM 6 3 MESS 4 W>XiG 4 ©£*Sfcfc*-« 

io T»»wiBK:«ij«sn^ct«i»«t-r*ii*3Bi7ss 
4 a>v>rna> i j^ice«cox-a >Xo 

[W*JS7] MEm V>X»G l©fcj&E«£ f l 
fcU ttE*2U>X»G2 0>jlSjflUEJBftf 2iU Mr 
Em 2 U>X»G 2 *M«T*^T<0U>Xa>7^ 
»a)5"&«k*<Z)«*vd2+ tU MEB2W>X»G2 

vd2- tUctt, 

I f 1/f 2 | 1/2 X (vd2+ - vd2- ) <0. 2 

z> z. t. t-?z>m&m i75S6©^ 
mmhi 8 1 wesh 2 >xm g 2 <&ja;a**fc* w-* 

0. 5< I 02W- Zm 1/J | <2. 5 

<z>&# *«je-r ^ - 1 &i*»£-r*it3ftsi 1 7 *>** 
■m* 1 miztm<DX-Au>Xc 

9 ] MESB 1 W >Xi* G 1 tt 1 W >X 

MEJB1 U>XBGlt©^ft< tt» l^l/>Xffitt 

50 ME^ 1/ >Xi*» L 1 (D* t>«f»fllOB<Oift«tt*¥S 
£R1£U mEftU>Xd^a>«t>««a>Ba)xE«ta 

-1. 0< (R2+R1) / (R2-R1) <-0. 1 
£*£-r 3 d <h &#«£T*!i!*B 1 7!?S 8 (D^ 

rn* i «ce«ox-a i/>Xo 

0] ffJEmi U>X»Glttl*©ftU> 
X«»Ll£fU 

MEm2 U>XmG 2*\Z&^X<Dfr'>te< tfclOO 
W >XB3WWB»ttlC»*« n, 

tRltU mEftU>Xj5R»a>«kt>««offioift«itt 
$*g$R2ttfet^ 

-2. 0< (R2+R1) / (R2-R1) <- 0 

*«je-r s - 1 w»tt* i'7sa 8 <o^ 
■rn* i JStcE«^x-A w>Xo 

[0 0 0 1] 

W*±o*J«»IH *5£^«X-AU>X«cHb, 4^ 
50 *^7^{:ffl^en^X-Al/>XI:it^ 
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(3) 



8-184758 



[0 0 0 2] 1 

mm<D&m ee*«ko, *x-Att m& 

»va £*r-r?>x-Aw>xra. -«swfc. 
mi:, IE • ft • ft • lEifcfcteiE • ft • ie • momtfititii 
w&m-rz 4 mmi&-e$>2>. -tLT, ?g2P>xiM3<fc 

CO 0 0 3] 

^•5o Uifc*t^T, feiRMliX-Al/>Xffli|-CJSy*t;:« 
CO 0 0 4] iSfp, ^DgTJCBi^. l^fc;*:X 

>x\ztt-rz>^mtfzt>izm£-3T^z>„ —mz. x- 

Al/>X©/M!6»fl;=£:ji«)-30*-5Vi«/jNS!6ftSrli 20 

X-Ak>X©il5{fc8Ht;££6K:H.5*:«> 
tC, S-I/>XPCDHSf*S:^feS^fe*SfflUe»nTVs 

a. L#*Lfta<eu ^tc#^>x»o®*f^?&^se)-5 

co o o 5] ffi^ni:S5.Ta3nfcfc 
a-e, iistt«-c, fi-3iisffiigfcX-Au>X£t!«-r-5 

[0 0 06] 30 

U>X5fGl t, ftoa«T*^wr*m2ix* 

Nd+<1. 4 3 7 
9 5<vd+ 

[0010] uCT, 
Nd+ : IEW>X^OjBSf^ 
v d+ : IE V >Xf&ftOT y ^» 

ft*5, Jl*f**JJ;tXT-v^»tt, dig (A= 5 8 7. 6 
nm) lC«-r-5fii-e&5. 40 
10 0 1 1] 4*fc. fgl U>X»Gi;£#|jrt£jEU> 
X©5*'>fc<£fcl#©IEl'>X»;:*#j£ (1) 

(2) ^SSET-5S»»»*5X?£ffl^2>^tlC<J; 
0. Sjaffl3«'*5Witft±feiR^©2^X^^ h;US:fi:«fF 

ic«iE-r*c:t»fc$-5. &-9-rn«. miu>xmG 
lswis-r-s-r^TOTiE^xtf&ftjS d) *s<fctf 

(2) £SSeLfc^ig-&lwtt. S3afi31Ci3lt-5*a±fiiR 

1 . 7 0 0 <Nd- 
vd-<3 5 



>X»G2t, IE*fc«ftcD®jT*$W-r-5m3 V>X 
»G3t, IE©Stf^ £*rr*?g 4 U>Xl*G 4 t£i§ 
X, £:ft«^6Sjg«^©&f&»Cf8UT. BtJi2Sli2k> 
XSG2«^|filc»oT^»iU. ffilta^l W>XPG 1 
tt^tStC»oT@^$nfcX-A^>XtrfeViT. WIB 
|gl k>XPGl**fcttffitam2k>XS*G2*©'> 
tfo lO(7)l'>Xffitt#3E*ffi»«C®E£2n, BdfH 
mi U>XPG 1 tt4>fc< tt>l«:OIEP>X^S:^r 

u (ffigem i w>x»g i ^«^-rsiEv>x^©'5 

•5'>fc< tt> 1 tt©IEW>X^»coa*r^Nd+*<fc^T 
.^^Scvd+ti, 
Nd+< 1 . 4 3 7 
9 5<vd+ 

ffl^SiEtSI t ZftmtTZ X-A >X£g« 

[ooo7] *^co»*uviS8«i(c«fcn«, mjiasgi 

U>X$tG 1 tt'>fc< tfc 1 ft©ftW>Xj£#£;frU 

fttami u->x»G i £««£-r-5ft^>x*£#©5ti*i> 

& < ii fc 1 #©ft V >X(£#©J3#fs£Nd-:fc<fc#T y ^ 

*vd-tt. 

1. 7 0 0<Nd- 

vd-<3 5 

CO 0 0 8] 

CftUB] *%Wir*3^T. Sl^XSGlftfclif 
2 ^>Xf¥G2f»©4>ft< ,hfclO©U>Xffi£#S£ffi 

&-?iSttfieftX-AW>XS:3£§iLT^£. «T, #38 

CO 0 0 9] *%l|OX-Al/>X-?lt Si W>X» 
G 1 *mfctZTEV>X&fte>o%'S>ts.< 1 #©IE 
W>Xj$##. £TF©&#5£ (1) *J:tf (2) 

(1) 
(2) 

CO 0 1 2] £©J§£r. Jt*LfcfeJRM£*iiE-r 
0, SS 1 W>X#G 1 ©«(£U>X#:g:£it J ?»f&ga< 

fc©8Stf£ftoTb3;'5« ) S11/>X»G18W. 

©to® >x»tc^ o xm* i-ft&^&mm u <t 5 1 

^©tt^fcic^fcatoTUSS. 
CO 0 1 3] *»^»C*^T. f&lU>XmGl 

*m&?r sft w >x^»©5 ^'>^ < 1 1> 1 e:©ft w > 

X*«. (3) Uit; (4) SSSSt-^dt^ 

(3) 
(4) 
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(4) 



- 1 8 4 7 5 8 



10 



20 



[0014] 

Nd- : m.u>Xf&ft<nmm& 

v d- : M. V >Xf$.tt<D7 v ^& 

ft*3, mVim&&V7 v^-mt. d« (A=587. 6 
nm) JcMT-Sffl-e*?). 

[0 0 15] mi 1/>X»G 1 Si«1"5tl^>X®5 
*>'>ft< ifc l«t«^l^>X*t^#St (3) *5«fctf 
(4) £«>iebft^3§-&t;:te. 35S«l::*5»*Stti±feiR 

[0 0 16] *S§WlC<t-5X-Al^>XTtt, miU> 
Xi¥G l*»iEJB*raft*U Sf§2 1^>XS¥G 2 tfftBSr * 
1 0< ■ h/2< I dx5 I < I dx7 

[0 0 18] crt?. 

h : ft®mu>x<om±ti$bm 

dx5 : £*^&©5$JOjt&$t;;:mt3#3*ffifi 
dx7 : mttWmo) 7 34tf>it6 3 tC*3tt-5#^HS 
dxlO : J£*W2i&co 1 OfiJ<Oii5$tC*3lt-5#J*tBa 
ft*. #^ffi»t«, M^ffl^¥SIC«t0M3£$nsS 

[ooi9] gift*, (5) mum&&mzmiE-?z> 

ttfeic. #3$®w>x©Kj^§&l::T3fc&ro&# 
tLT, #3$®S©MWft«Sffl£gi£LTV>5. *-r. 

m i k>x»G i wz#$s.mi'>x$:m-r2>®&. 

j£ (5) »C*i^T, Wt±&&)m<Dl OSiJCD^StC^ft-5 

#»Bff»©*#s i dxio i a<±i®«i o-xh/2&± 
je*s#«{cHgtc^oTb*5. &#5S (5) \z 

I dx5 I *<TI8tel 0 < xh/2£TleI5<!:, gjg 
[0 0 2 0] m2l^>X»G2*(C#i*ffiU>X 

£*rf*3g-&. ^ftsc (5) Ktswr. &±m$hm<Di 
omofttuz&vzjmffimoxz-z i duo i w±.m®. 

1 0 ' xh/2£±|sl*<>:. *M^mBI«S8^e^S 

fcV». SIC *#5£ (5) »C*5V>T. £**T8!l&©5»i* 

I f 1/f 2 | 1/1 / <vd2+ - vd2- ) <0. 2 

Ji£ft£. 

fl :Sglk>X»Gl©jtfU&m« 
f2 :m2I/>Xi¥G2©SU&EBi 
vd2+ : f&2 U>XmG2<D-T'<T<DU>X<D7y*.®. 

[0 0 2 4] SfcfrJt (6) <D±IBfit£±[sI-5£. 

0. 5< I 02W- Zm" ! | <2. 



UlSKfTOlCtt, mi U>XmG l*tC#3*55U>X£ 
(S3*®) «Clt'<T3t«l^e»«ia<C^oTjE©S«f* 

xmG2*\z#®mv>x*:^-?z>®'&. *<D#nm\z 

Mm\Zfafr^)TiE<Dm9il>&&«\Z&<teZ>fr$>2>\,m 
m.<DMfttitil&X\Z®<1Z%&?\Zl&&i.ZnT^Z><Dtl 

[0 0 17] -tbT. mi 1^>XS¥G I4 ) *fc»m2 1/ 
>XPG2*©#3*S5^>X*t. &>T04kt¥iZ (5) $ 

I < I dxlO |<1 O" 1 • h/2 (5) 
»S©il!5tCfelt-5#3*ffiacD^:#S I dx5 I *<T(K«1 0 

xhX2*TiHi^t > &mz£z>i%tis.m<»&m. ®\z 

«uB$ffiw£SW<«U<ft9. M5g<H9W3*S5JKM<&*iIE 
[0 0 2 1] 3£tC. mil^>X»Gl*IC#3*D5U> 

x*^r-rs3s^*jtttm2 w>x»g 2 *icit3*®w> 

X£*T*3g£l:::te<A-C. (5) ©±Kfil£_b[51 

idWitS$(c*3ltS#J*®S©±^$ Idx5 I £. 
S6g0 7SUOit;$t*3tt?.#3*®S©^:#$ | dx7 I 

t, m±&%}&<D io \zisvzwmmmv>±& 
s i dxio i £<ow\z&mtsn-/t*'m&&mizt<UK 

[0 0 2 2] ftfc, X-Al^XOgf&KffoTffcSntf 

^wrsat. d©«ffi^»isaiE-r^fe«)OffijEi/>x 

ftl/T, !S3U>X»G3. *5Wif4l/>XSG 

cnil Ilk>X8Gl«)l/>Xi^<, 
fl.o«IE l/>Xt L-T^ffl-T -5 t0i5»ltt>^:t< ft 

[0 0 2 3] *3£«JI!K:43V>T. mi U>X»G 1 

*Sj;Ufm2^>X»G2*t, jfcra&ttS; (6) £S&jeT 

(6) 

frfc^tTSi, «l«w>X«:&&iiin$*fcr), su- 
>x»©/t<7-srp<bftwn«fte.ft^. 

[0 0 2 5] *56WIC«k.5X-AW>XTtt. $ 

(7) S8»J£-r*c:t*ifiFSbVi. 



(7) 



50 
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(5) 



%fffl¥.g- 1 8 4 7 5 8 



8 



j3 2W : %2 U>XSG 2<&j£ft«fc:m*SfMS 
Zm : ^f&it 

[0 0 2 6] jfefrSC (7) T*jtsn**fr«»-r2it 
\Z&K). *«aB©/hfflfls*HoTV>«lcfe«t>6^ IB 
2 1/>XSG2©A7- £J£KM/h£< LT, 

<DX—/*)s>X\Z&\f*T\Z. m2U>XmG2<D/\y — 

fiw<ou>xm<z>rt r 7'-tiit&hxmhm*. z.<ott 

[0 0 2 7] -T&;b^ S2l/>XPG2 0M^ 

frs (7) T«je*n«fln«K:i»e-r*^fcK:<fco, ^ 

(7) CDTBMHTHSfltetCHU »2 1^>X»G2© 

-1. 0< (R2+R1) / (R2-R1) <-0. 
-2. 0< (R2 + R1) / (R2-R1) <0 

[0 0 3 0] 

R 1 : fkU>Xf&#L 10«t>«<*:fl!l<Dffi©5Sttft*¥ 



* [0 0 2 8] ffilC, (7) ©±BM*S±H*»& 

fcfck S2 U>X»G2©At«7-a*«<&D-rffT, Sg 
2 U>XSG2<D^«f^MICi^S^pJ«iX^-X^^ 

£f&P#<Z)?g2 1/>XPG 2(D&m&\ZttL 

x. &m&W}%miE'?z>itib(Di$iEi'>xm (S£3u> 

XSG3, &*t*ttflt4 U>X»G4©4**fcli- 
^fgffl<£Sg2i/>Xi*G2<h«IEl/>X 

[0 0 2 9] £fc, W>XSG l#ltt<DflW>X 
*»Ll*fU »l^>X»Gl*©*&<tfelt3 

<Du>xmtfi#mt»mz&&znitm&\z\*}k<D&ft 

SC (8) »2 W>X*G2*fc:fe^<0*^ft<£ 

*> i o <d > xffi**#*MB»tt $ tutm& \z 
<D&ft& (9) *<*ti j etm&+z<Dtfigutv». 



R 2 : &U>Xl&ftL 1 ®*«*«0H®]ENft'*¥e 
[0 0 3 1] (8) *3j;tf (9) tt, 811/>X 

»Gl«f<Z>ftU>X*$#L 10$/x>f^7r^^- (» 

(8) S&H; (9) <Z>_kl®<l£±lp]*£, M3§fflgcDJ$® 
»jE^JBfcft«3fc»H«a6t*liEl/J:i>2:'r 

©§Bt3»«HJitftoTl/*5. SBfc, &#5£ (8) £fc 
» (9) (DTIEfiI£TleJ*£:, ^SflOSftiRltiOW 

[0 0 3 2] 

v^Tite^-r^o *5g^<oa-^jfiwfc^sx-Ai^>x 

Git, ft©B»r*£*rr *Sg2 1/>X»G2<h, IE* 

«^©*«ICIKUT, WBfB2W>X»G2tt*ttfc» 
oT8»U ttGtBl 1/>XPG 1 tttt«fc»oTH« 

[0033] QKMMD ant x&mvmi&mm 

1C0X-AU>XH, ffi[H]U>X, ffi 

S (y) = <y 2 /r) / { 1 + 



(8) 
(9) 

^nXrtXl^X^efc^Sgl W>XPG 1 

tcdhffi : £rRjWc^^nx^x^>x, mmu>x. 
zsmth v >x t mm v >x t m& v >x t <?>m& v >x 
*^^«2i/>x»G2i, mmv>xtm&v>x 
t<D&&u>xfr*>tez>m3 i/>xsg3 9n»m\z 

Wm&fatfTcjE*—Xt>XU>X* ffi&U>X* ffi&U 
>Xt«f*«fcDflH*ft »fcft^nX*X l/>Xt^)g 

&u>x, m&u>x. mwu>x*iffi&i'>X£<D& 

fciE^-X*X!x>X^6a:Sa4U>X»G4t*^ 

[0 0 3 4] (1) tC, *ftfi®<JHim®ll7G 

* (1) fc*fr>T. f«ME«^, B 

mnrz^fa\z®^tc®ftmfrz<Du>xm<»mfr*s 

fl«**±tf 7 y ^W»n*nd« (A = 5 8 7. 6 
nm) fc#-r*«&«LT^S. fc*5, l/>X<7)St>« 

fi)©ffit«ffit<orafcfifi»»xuXA^&a7>r;^ 
[0035] imkhmu x«icaiKa:«m<E>»a«y. 

**yfc*»*Jt«Wrtia)*tt*ftS (y) , S^cDfi 
0#I*®«»^Cn tVfttZ. «To*^C (a) 
[»1] 

CI- (1 + k) • (y/r) 2 ] 1/2 } 



+ C 2 



y J • y 4 +C« • y 4 +C 8 
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(6) 



»BW8- 1 8 4 7 5 8 



10 



+ Ci 



#9soifiMa*¥SR». (b) t£* 

R= \/ (2 • C 2 + 1/r) 

[0 0 3 6] 

f = 8. 5 — 4 0-12 5 

mwm 7y^s 

-521.850 
171.883 
249.002 
-129. 198 
88.089 
-865. 713 
62. 166 
264.621 
102. 764 
14.019 
-44. 791 
36.904 
23.008 
-13. 647 
125. 945 
-122. 500 
-24. 915 



(a) 



(b) 



1 

2* 

3 
4 
5 
6 
7 
8 
9 

10 
11* 

12 
13 
14 
15 
16 
17 



1.9 
2.8 
9.4 
5.2 
8.7 
0.1 
7.4 
(d8= pj&) 



23. 82 1. 84666 



95. 57 1. 43388 



82.52 1.49782 



52. 30 1. 74810 



0.9 
5.5 
0.9 
0.1 
6.2 
0.9 
2.4 

(dl6=pj£) 
0. 9 52. 30 



35. 72 1. 90265 



52. 30 1. 74810 



30.83 
46.54 
23.01 



1.61750 
1. 80411 
1. 86074 

1. 74810 





18 


54.347 


2.7 


23. 01 


1. 86074 




19 


-400. 129 


<dl9=pj&) 






20 


-68. 073 


3. 6 


65. 77 


1. 46450 




21 


-27. 589 


0. 1 








22 


52. 987 


5.4 


70. 41 


1. 48749 




23 


-88. 727 


0. 1 






10 


24 


65. 278 


7. 1 


56. 41 


1. 50137 




25 


-39. 536 


1.2 


39. 82 


1. 86994 




26 


-175. 382 


36. 3 








27 


45. 758 


6.0 


65. 77 


1. 46450 




28 


-56. 878 


0.7 








29 


-71.071 


1.0 


39.82 


1.86994 




30 


32. 743 


7.3 


70.41 


1.48749 




31 


-42. 526 


0.1 








32 


157. 576 


5.4 


48. 97 


1. 53172 




33 


-29. 546 


1.0 


39.82 


1. 86994 


20 


34 


-130.985 


0.1 








35 


29. 193 


4.4 


70.41 


1.48749 




36 


396.495 


10.0 








37 


oo 


30.0 


38. 03 


1. 60342 




38 


oo 


16.2 


64. 10 


1. 51680 




39 


oo 


Bf=2. 0238 







k 


Ci 


C< 


2 m 1.0000 


0. 0000 


1.69490X10 




Ca 


C 10 


-7. 45650X10" 12 


8. 91830X10 


15 0.0000 


k 


C 2 


C4 


11® . 1.0000 


0. 0000 


8.09490X10 


C 6 


Cs 


C 10 


-4. 49290X10" 8 


4. 64690X10 


- 1 * 0.0000 






f 8.5 


40.0 


125.0 


d8 0.83 


34.45 


45. 55 


dl6 47.65 


9. 13 


3. 50 


dl9 5. 03 


9.94 


4. 46 



f 1= 6 6. 
f 2 = - 1 3. 
Zm= 14. 
02W= -0. 

(1) Ndf 

(2) vd+ 

(3) Nd- 

(4) vd- 

(5) 2® 
h 



4 6 

0 0 
3 

2 7 1 



= 1. 
= 9 5. 
= 1. 
= 2 3. 



4 3 3 8 8 

5 7 

8 4 6 6 6 

8 2 



= 3 5. 15 



-482- 



(7) 

11 

10<xh/2 = 0. 

I dx5 I = 0 . 

I dx7 I = 0 . 

IdxlOl = 0. 

10- , Xh/2 = 1. 

(5) 1 1® 

h =9. 
10" 4 xh/2 = 0. 

I dx5 I = 0 . 

Idx7 I 
I dxlO I 

1 O" 1 xh/2 

(6) I f 1/f 2 I 1/2 / (vd2+ - vd2- ) = 

(7) I j32W- Zm 1/J I =1. 

(8) (R2 + R1) / (R2-R1) =-0. 

[0037] m2\$mmmi<o&wmm'?%>K>, <a> 
<b) \*+mm&mmftmz&itztitVL&Bi*:* <c) 

fn^LTV^. *JK3tHfc43V>T, YttMS, dte 2? 
d#l (A = 587. 6nm) gtegi® (A = 43 
5. 8nm) S^n^LTV^. Sfc, #jftJRSS 

»"rJRSHfc*ViT*«ttiEtt*fr <1M > - 3 1 409.361 

->a » Sr^LTV^o 6-4XM^£>We^&£?tC, 2 92.615 

#J»AK«««fc:*ViTfiJH«&*W 3 137.974 

um&&mz&mznT^z>zLt&t>&2>c mz, mm 4 -207. 086 

mz&WZ&qmifi&kKlZttlEtEftTKZ. 5 80.207 

[0 0 3 8] [JgJS0«2) #369!<&SfS2#li6« 30 6 -481.269 

{zfrfrZX—IxU>X<DU>Xm&&^-?m~e$>Z>o 0 7 51.041 

3(DX-Al/>Xte, «MMJ*>&JHfc, 8 107.739 

fattfcll^-XftXl^X* F5ftl/>X, PgdbU->X, 9 637.665 

4Sll/>XSGlt, ftfrffltCdbffi&^tt^^-X 
#Xl/>X, 4»»WcC0®*fnIfrtfcfi^-X*XU>X 
<hM(Hl^>XtOft^l/>X mthU>X. *-fctf«ll# 

XPG2i:, P5G0U>Xi:Pi£!iW>Xt<Z)S-&lx>X^ 
^^§S3^>XPG3^ 4toflcfl|K|iDHSriavtfciE^ 

>X, Mai/>Xt^fill«CIH1M^[6lWc^^-X^X 
l/>Xt©ft&l/>X, PSAl^X, WOflU>X£jaSi& 

v>xt<om^v>x, m&v>xt®frm\zwm*fa 

ttfcfl*-X*XIx>X<hCQ&^U>X, *5<fctfWdbU 
>X^^^^4W>X»G4i:^^«^$nTV^. 
[0 0 3 9] (2) tc, *^O^0H2Offi7C 

vrnzmfz. & (2) m«u&fg«&, b 



8-184758 



12 



0 0 18 
0 16 0 
0 5 8 3 
2 6 5 4 
7 5 7 5 

2 

0 0 0 5 
0 0 3 3 
= 0.0131 
= 0.0 54 6 
= 0.46 
0.077 
0 2 5 
5 0 4 

B»f**«t«7y^«ktt*n-Pnd« (A = 5 8 7. 6 
nm) IZtt? SI^UW^o fc*5, l/>X^fe« 

[0 04 0] 

[g2] f = 8-8 0-1 2 5 

ffi^s mmm off* 



1.9 

4.2 
10.9 

6.0 
11.7 

0.1 

7.7 
(d8= nj£) 

0.9 



25.41 1.80518 



95.57 1.43388 



67. 87 1. 59319 



67. 87 1. 59319 



35. 72 1. 90265 





10 


12. 289 


5.0 








11 


-50. 387 


3.8 


23.01 


1.86074 




12 


-12.497 


0.9 


39. 82 


1. 86994 




13 


82.759 


0.1 








14* 


54.009 


4.5 


30.83 


1.61750 




15 


-20.989 


1.1 






40 


16 


-17.935 


0.9 


52. 30 


1. 74810 




17 


-43.075 


(dl7=*J£> 






18 


-26. 355 


0.9 


43. 35 


1.84042 




19 


45. 117 


3.0 


23. 01 


1.86074 




20 


-116. 784 


(d20=pj£) 






21 


-113. 554 


5.2 


82. 52 


1.49782 




22 


-28.413 


3.0 








23 


65. 165 


4.2 


65. 77 


1.46450 




24 


9953. 265 


0.1 








25 


46.340 


7.3 


65. 77 


1. 46450 


50 


26 


-38.584 


1.7 


35. 72 


1.90265 
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(8) 



8-184758 



13 



14 



27 


nn cn^ 

-90. 594 


39.0 






± 0/1 

* o4 


oi. zuy 


1 c. 
1. 0 


9Q QO 
0». OZ 


1 QfiQCH 

l. ooyy4 


28 


42. 553 


6.2 


65. 77 


1. 4o4bU 


oc 
ob 


— 9/10 079 
-z4o. OfZ 


U. 1 






on 
zy 


_/<0 ceo 
4z. buo 


0.7 






36 


31. 669 


o. z 


fiC 77 
00. / i 


1 AfiACn 
1. 1040U 


oU 


-bU. boo 


1.5 


39.82 


1 QAQQ/I 


37 


-143. 790 


inn 






31 


0*7 OCO 

2/. obo 


6.5 


58. 90 


1. bloZo 


38 


oo 


9n n 
oU. U 


OO. Uo 




oz 


-b/\ 000 


0.1 






39 


oo 


1A 9 
lO. z 


fLA in 


i ci Ran 

1. OlOoU 


oo 

33 


OO 7CO 

8o. 7oo 


6.2 


45.87 


1. 54814 


* 40 


oo 


Df— 1 QQ1 7 
Dl-l. OOl/ 






























k 


Cz 




c< 












14® 


3. 1603 


0. 0000 


3.39100X10 ' s 














Ce 


Cs 




C i o 














1.38040X10" 


8 3.76290X10 


" 10 -1.45920X10" 12 




























f 


8.0 


80.0 


125.0 














d8 


0.58 


43.41 


48.04 














dl7 


50. 32 


1. 87 


3.65 














d20 


1.86 


7.47 


1.07 











f 1= 6 8.77 
f 2=- 1 1. 7 3 
Zm= 19.3 
/32W= -0. 2 35 

(1) Nd+ 

(2) vd+ 

(3) Nd- 

(4) vd- 

(5) 1 4B 
h 

1 O^xh/2 
Idx5 I 
I dx7 I 
I dxlO i 

1 0 l xh/2 

(6) I f 1/f 2 | l ' 2 

(7) I 02W- Zm 1/2 I 
(9) (R2+R 1) / (R2-R 1) 

[0 0 4 1] W4\*m&M2<DteUmWT!&r). (a) 

\z&ftmz&vz>&w&mz. (b) te*ffl^ggi«# 
®\z%>vz>&$L&m*. (c) «as«ic;mt*ggJKg 

Sr. dted8l U = 5 8 7. 6 nm) gttg«l (A 
= 4 3 5. 8 nm) £^n^n^LT^£o 

[0 04 2] 50 



= 1.4 3 3 8 8 
= 9 5. 5 7 
= 1.8 0 5 1 8 
= 2 5. 4 1 

= 8. 8 

= 0.0 0 04 

= 0.0135 

= 0.0 5 7 3 

= 0. 2 3 0 1 

= 0. 44 

/ (vd2+ - vd2- ) = 0.083 

= 1.032 
= -1. 5 8 5 



[01] *»M<Z>*l*««lfc*^*X-AP'>X<OU' 

[0 2] §MBm<Dl*ttfiHT*oT, (a) 
£«msttJK8H£* (b) 

*Sg<KM0£* (c) »HMlc*»*«IHttH**ft 

[03] *&w<Dm2mmm\zfrfr*x-j*i'>x<Di' 

[0 4] IM«2©l|iK«HT*oT. (a) MjCftM 
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(9) 

15 

icfcttSIMaSBHfe. (b) »4>HQM(jftEIB«(ffi^«(t Gl SglU->XP 

■tftSUT^*. G3 m3 1/>XP 

[«ra©Bwn g 4 »4i/ >x» 



[Hi] 




Gl 



G2 G3 



G4 
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(10) 



8-184758 



(a) 



(b) 



im2] 



Y-I.BO T-5.10 




"57100 — 



mawM »&k& sm& 



v-s. 



90. Y-I.SO 



— raoo 



"37000 



^E4XS 3fMMJG£ 



(c) 



t-5.10 T-S.50 



HI 



Srsoo 



^®4X3g &mx& 



57100 
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(11) 



8-184758 



[H4] 



'"4; 



(a) 



-otsoo 



HJTHO 57001 



nmoim *&<m saces 



(b) 



TT50B 



Y-5.50 



T^JOO 57000 

^®RS ^SMXS 



(c) 



Y-8.J0 Y-S.50 



J7»Q0 



! 



trrsio 



"T7000 



nmw£ rnmrn 
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